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Abstract of EP1 277623 

A method of detecting the improper mounting of a 
sensor on a motor vehicle includes monitoring 
the output signals of the sensor, determining the 
noise levels in the output signals, and comparing 
the noise levels from the output signals to a 
threshold noise value to determine if the sensor 
is properly mounted. Preferably, the method 
monitors the output signals of a first sensor and a 
second sensor, determines the noise levels in the 
output signals being emitted by each of the 
sensors, and compares the noise levels of the 
first sensor to the noise levels of the second 
sensor to determine if the sensors are properly 
mounted. 
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(54) Method of detecting improper mounting of acceleration sensors on a vehicle 



(57) A method of detecting the improper mounting 
of a sensor on a motor vehicle includes monitoring the 
output signals of the sensor, determining the noise lev- 
els in the output signals, and comparing the noise levels 
from the output signals to a threshold noise value to de- 
termine if the sensor is properly mounted. Preferably, 



the method monitors the output signals of a first sensor 
and a second sensor, determines the noise levels in the 
output signals being emitted by each of the sensors, and 
compares the noise levels of the first sensor to the noise 
levels of the second sensor to determine if the sensors 
are properly mounted. 
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Description 

RELATED APPLICATIONS 

[0001] This application claims priority to co-pending 5 
U.S. Provisional Application Ser. No. 60/305,976, filed 
July 17, 2001. 

FIELD OF THE INVENTION 

[0002] The invention relates to electronic crash detec- 
tion systems for vehicles, and more specifically to the 
acceleration sensors used with the electronic crash de- 
tection systems. 

BACKGROUND OF THE INVENTION 

[0003] Electronic crash detection systems utilize ac- 
celeration sensors to detect if a vehicle is involved in a 
crash. In the event of a crash, restraint devices are de- 
ployed to protect the occupants of the vehicle. Tradition- 
ally, a central control unit located within the passenger 
compartment of the vehicle contains one or more accel- 
erometers that measure the deceleration within the pas- 
senger compartment. If the deceleration threshold is 
reached, the restraints are deployed. 
[0004] More recently, additional peripheral acceler- 
ometers are being mounted in various locations on the 
frame of the vehicle to improve the performance of the 
crash detection systems. For example, additional accel- 
erometers may be located in the crumple zones of the 
vehicle. Furthermore, additional accelerometers may be 
located on the sides of the vehicle to detect side im- 
pacts. Currently, most peripheral acceleration sensors 
used with crash detection systems are mounted to the 
vehicle's frame with screws or bolts. 
[0005] It is important to ensure that each sensor is 
properly mounted on the vehicle and that each sensor 
remains properly mounted over the operational lifetime 
of the vehicle. Proper mounting of the sensors is crucial 
for the proper functioning of the crash detection sys- 
tems. If a sensor is improperly mounted or later be- 
comes loose, the measured acceleration signals will not 
be accurate and the crash detection system may not 
function as intended. 

[0006] One commonly used method to ensure proper 
sensor mounting is to detect an electric ground between 
the sensor and the mounting location. This method as- 
sumes that the sensor must be properly affixed to the 
vehicle to maintain an electrical connection between the 
sensor and the frame. If the electrical connection is bro- 
ken, the sensor is determined to be separated from the 
frame. 

[0007] Other methods used in the art include sending 
a vibrational/acoustical test signal to the sensor, thereby 
causing the sensor to resonate and produce an output 
signal that can be measured and compared to predeter- 
mined values to determine if the sensor is properly 



mounted. U.S. Patent Nos. 4,950,915, 5,373,722 and 
5,457,982 disclose examples of these methods. 

SUMMARY OF THE INVENTION 

[0008] These prior art methods of ensuring proper 
sensor mounting present various problems. For exam- 
ple, the method of detecting an electrical ground be- 
tween the sensor and the mounting location requires the 
installation of specific detection hardware. This increas- 
es the material and manufacturing costs for the system 
and makes the system more difficult to install. Further- 
more, this prior art method is not able to distinguish be- 
tween a properly mounted sensor and a loose sensor 
when the electrical connection for the loose sensor re- 
mains at least partially intact. 

[0009] The other methods utilizing acoustical/vibra- 
tional signal comparisons require the installation of var- 
ious types of signal generators for producing the test sig- 
nals. This increases the material and manufacturing 
costs for the system and makes the system more difficult 
to install. 

[0010] In light of these problems, the present inven- 
tion provides a method and system of ensuring proper 
sensor mounting by monitoring the noise levels of the 
signals generated by the acceleration sensors. All driv- 
ing conditions generate vibrations in a vehicle that 
cause a certain level of "noise" in the measured accel- 
eration signals. A loose sensor wiil generate a higher 
level of noise than a properly mounted sensor. By mon- 
itoring the noise levels of different acceleration sensors 
and comparing those monitored levels with a predeter- 
mined noise threshold or with the noise levels of one or 
more counterpart sensors, a loose sensor can be de- 
tected. 

[001 1] The method and system of the present inven- 
tion is less expensive to implement and is more reliable 
than previous methods because little or no additional 
hardware is required for implementation. The same 
processor used to interpret the acceleration signals can 
be used to monitor and compare the noise levels 
present in the signals. 

[0012] More specifically, the invention provides a 
method of detecting the improper mounting of a sensor 
on a motor vehicle where the sensor emits output sig- 
nals. The method comprises the steps of monitoring the 
output signals of the sensor, determining the noise lev- 
els in the output signals and comparing the noise levels 
from the output signals to a threshold noise value to de- 
termine if the sensor is properly mounted. 
[0013] In one aspect of the invention, the threshold 
noise value can be predetermined based on vehicle 
characteristics or can be determined from another sen- 
sor mounted on the vehicle. In another aspect of the in- 
vention, the sensors will issue a warning when the noise 
levels exceed the threshold noise value. In yet another 
aspect of the invention, the sensors will increment a 
counter each time the threshold value is exceeded and 
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will issue a warning when the counter is incremented a 
predetermined number of times. 

[0014] The present invention also provides another 
method for detecting the improper mounting of a sensor 
on a motor vehicle having a first sensor and a second s 
sensor. Each sensor emits output signals. The method 
comprises the steps of monitoring the output signals of 
the sensors, determining the noise levels in the output 
signals being emitted by each of the sensors and com- 
paring the noise levels of the first sensor to the noise 
levels of the second sensor to determine if the sensors 
are properly mounted. 

[0015] In one aspect of the invention, the vehicle has 
a longitudinal axis and comparing the noise levels of the 
sensors includes comparing the noise levels of two sen- 
sors that are positioned in substantially mirrored relation 
with respect to the longitudinal axis. In another aspect 
of the invention, the noise level of the first sensor is com- 
pared to a threshold value and a counter is incremented 
when the threshold value is exceeded. The noise level 
of the second sensor is also compared to a predeter- 
mined threshold value and a second counter is incre- 
mented when the threshold value is exceeded. The first 
and second counters are then compared to determine 
whether one of the sensors may be improperly mounted. 
A warning is issued when a sensor is determined to be 
improperly mounted. 

[0016] In yet another aspect of the invention, deter- 
mining the noise levels of the output signals can include 
filtering the signals. The signals can be filtered using a 
band-pass filter or a high-pass filter. The filtered output 
signals are then integrated and compared to determine 
whether there is an improperly mounted sensor. 
[0017] In another aspect of the invention, the noise 
levels of sensors that are not positioned in substantially 
mirrored relation with respect to the longitudinal axis are 
compared by equalizing the noise levels of the two sen- 
sors. The noise levels are equalized using correction 
factors that are determined such that under normal driv- 
ing conditions, the noise levels of the two sensors will 
be substantially equal. 

[0018] Other features and advantages of the inven- 
tion will become apparent to those skilled in the art upon 
review of the following detailed description, claims, and 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a top view of a vehicle with a restraint con- 
trol module that uses the noise-detection method of 
the present invention. 

Fig, 2 is a graphical illustration showing two exem- 
plary sensor output signals. 

Fig. 3 is flow chart illustrating an algorithm embod- 
ying the present invention. 

Fig. 4 is a flow chart illustrating another embodiment 



of an algorithm according to the present invention. 

[0020] Before one embodiment of the invention is ex- 
plained in detail, it is to be understood that the invention 
is not limited in its application to the details of construc- 
tion and the arrangements of the components set forth 
in the following description or illustrated in the drawings. 
The invention is capable of other embodiments and of 
being practiced or being carried out in various ways. Al- 
so, it is understood that the phraseology and terminolo- 
gy used herein is for the purpose of description and 
should not be regarded as limiting. The use of "includ- 
ing" and "comprising" and variations thereof herein is 
meant to encompass the items listed thereafter and 
equivalents thereof as well as additional items. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Fig. 1 illustrates a vehicle 10 having an elec- 
tronic crash detection system according to the invention. 
The vehicle 10 defines a longitudinal axis 14 and in- 
cludes a passenger compartment 16. A central restraint 
system control module 18 is located within the passen- 
ger compartment 16. The central control module 18 in- 
cludes one or more sensors in the form of accelerome- 
ters (not shown) that measure the deceleration within 
the passenger compartment 16. The sensor communi- 
cates with a restraint-deployment system (not shown) 
to deploy restraints when appropriate. While the illus- 
trated embodiment uses accelerometers, it is under- 
stood that other types of sensors can be used as well. 
[0022] In the illustrated embodiment, additional pe- 
ripheral sensors are also mounted at various locations 
on the vehicle 10. Fig. 1 illustrates a right front crash 
sensor 22 and a left front crash sensor 26 that are 
mounted to a cross-frame member 28 in the front crum- 
ple zone 30 of the vehicle 1 0. Crash sensors 34 and 38 
are mounted on the right side B-pillar42 and the left side 
B-pillar 46, respectively. Crash sensors 50 and 54 are 
mounted on the right side Capillar 58 and the left side 
C-pillar 62, respectively. 

[0023] It is understood, however, that additional crash 
sensors can be located at other positions on the vehicle. 
Fewer sensors can also be used. It is also understood 
that the sensors can be mounted to the vehicle 1 0 using 
any appropriate means, for example, screws or bolts. In 
the illustrated embodiment, the sensors 22, 26, 34, 38, 
50 and 54 are accelerometers, however, other types of 
sensors can also be used. As with the sensor in the cen- 
tral control module 1 8, when any of these sensors meas- 
ure a deceleration in the vehicle 10 that reaches a pre- 
determined deceleration threshold, the appropriate re- 
straints are deployed within the passenger compart- 
ment 18 of the vehicle 10, as is understood by those 
skilled In the art. 

[0024] Driving on roads always causes certain levels 
of acceleration and deceleration of the vehicle. Driving 
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also generates vibrations that are observed as oscilla- 
tory signals by accelerometers. Driving on rough roads 
and driving over railway lines are two examples of con- 
ditions where oscillatory signals are prevalent. As a re- 
sult, there is always a certain level of noise in the meas- 5 
ured acceleration signals. The bumpier and rougher the 
road is, the higher the noise level in the acceleration sig- 
nals will be. 

[0025] The noise level measured by a loose sensor 
will be even higher than the noise level measured by a 
similarly situated, but properly mounted sensor. The 
loose sensor is subject to added vibration and move- 
ment, which increases the noise level measured by the 
loose sensor. It is this concept that is utilized by the in- 
vention to determine if a sensor is loose. 
[0026] Fig. 2 illustrates exemplary signals that are re- 
corded in low-noise and high-noise driving conditions. 
The upper signal 100 illustrates the recorded signal of 
a properly mounted sensor during tow-noise driving con- 
ditions. The lower signal 1 04 illustrates the recorded sig- 
nal of a properly mounted sensor during high-noise driv- 
ing conditions and/orthe recorded signal of a loose sen- 
sor. The higher than normal noise level in the lower sig- 
nal 104 is apparent in the spikes in the oscillatory sig- 
nals. 

[0027] Acceleration signals in electronic restraint con- 
trol systems are typically digitized. In peripheral sen- 
sors, the digitization may take place in the sensor itself, 
in which case the digitized signal is transmitted to the 
central control module 1 8 for analysis. If analog sensors 
are used, the analog signals can be digitized by the cen- 
tral control module 1 8 prior to the analysis. Regardless 
of the type of sensors used (analog or digital), the 
present invention utilizes the existing sensors and their 
generated signals so that no additional hardware is re- 
quired. 

[0028] According to the invention, acceleration sig- 
nals of different sensors on the vehicle 10 are continu- 
ously monitored. The noise levels in those signals are 
compared to a threshold noise value and/or to the noise 
level in a counterpart sensor signal. Since the noise lev- 
el of a loose sensor is different than the noise level of a 
properly affixed sensor, a loose sensor can be detected 
by comparing the noise levels. If a loose sensor is de- 
tected, a warning signal will be issued in the passenger 
compartment 1 6 to alert the driver that a sensor is im- 
properly mounted. In the illustrated embodiments, that 
warning signal is the activation of a light in the passen- 
ger compartment 16 of the vehicle 10. It is understood, 
however, that the warning may take other forms, such 
as an audio alarm in the passenger compartment 1 6. 
[0029] Different methods can be used to determine if 
a sensor is improperly mounted. The various methods 
can also be combined to increase reliability. In one em- 
bodiment, the measured acceleration signals of each 
sensor are compared with threshold values that are pre- 
determined based on vehicle characteristics. During 
each cycle of the algorithm, if the threshold value for a 



given sensor is exceeded in either the positive or neg- 
ative direction, a counter is incremented for that sensor. 
If a predetermined counter threshold is exceeded, the 
sensor is determined to be improperly mounted. 
[0030] Taking this method further, the counters for the 
left and right side sensors at corresponding locations 
with respect to the longitudinal axis 1 4 of the vehicle 1 0 
are compared. By comparing the corresponding counter 
values, a loose or improperly mounted sensor can be 
detected because the counter for the improperly mount- 
ed sensor will be significantly higher than the counter 
for a properly mounted sensor. If the noise counter of 
the first sensor is higher than the noise counter of the 
second sensor at the corresponding location by more 
than an adjustable reliance factor, the first sensor is de- 
termined to be loose and appropriate warnings can be 
issued. 

[0031] Fig. 3 outlines an algorithm 124 that can be 
used to practice the method according to the present 
invention. At block 128, the system records an output 
signal from the left side crash sensor. In the preferred 
embodiment, the output signal is an acceleration signal. 
[0032] At block 132, the algorithm 124 determines if 
the output signal exceeds a predetermined signal 
threshold value. As mentioned above, the predeter- 
mined signal threshold value is chosen based on the 
specific vehicle characteristics. To increase reliability, 
the predetermined signal threshold value can be select- 
ed to help ensure that the sensor is actually loose rather 
than simply recording an increased signal value due to 
a bumpy road. 

[0033] If the recorded signal does not exceed the sig- 
nal threshold value (a NO answer at block 132), the al- 
gorithm 124 returns to block 128 and continues record- 
ing and monitoring the output signals. If the recorded 
signal exceeds the signal threshold value, i.e., is greater 
than the predetermined signal threshold value or is less 
than the negative signal threshold value (a YES answer 
at block 132), then a left noise counter is incremented 
at block 136 to signify the occurrence of a disparity that 
may have been caused by a loose sensor. 
[0034] It is understood that any single instance where 
the recorded signal exceeds the signal threshold value 
can indicate a loose sensor. However, to reduce the 
chance of false detection of a loose sensor, the noise 
counter can be used so that no warnings will be issued 
before the noise counter has been incremented a pre- 
determined number of times. This predetermined 
number of noise counter incrementations is known as 
the noise counter threshold, and can be varied as de- 
sired. The noise counter threshold will be discussed in 
more detail below. 

[0035] To further improve the reliability of the system, 
the algorithm 1 24 also monitors the right side crash sen- 
sors in the same fashion. At block 152, the system 
records an output signal from the right side crash sen- 
sor. At block 156, the algorithm 124 determines if the 
recorded signal exceeds the predetermined signal 
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threshold value for the right sensor. If the signal thresh- 
old value is not exceeded (a NO answer at block 156), 
the algorithm 124 returns to block 152 and continues to 
record and monitor the output signals. If the signal 
threshold value is exceeded (a YES answer at block s 
156), then a right noise counter is incremented at block 
160. The right noise counter is employed for the same 
reliability reasons discussed above with respect to the 
left noise counter. 

[0036] it is to be understood that the system could 
simply use the independent left and right side processes 
described thus far to determine whether the left side 
crash sensor or the right side crash sensor is loose. The 
system could utilize a predetermined noise counter 
threshold, that when exceeded, would trigger a warning 
in the passenger compartment 16. However, system re- 
liability for the algorithm 124 is improved by next com- 
paring the left noise counter to the right noise counter 
for sensors mounted at corresponding locations on op- 
posing sides of the longitudinal axis 14. Crash sensors 
mounted in mirror-relation about the longitudinal axis 14 
should have substantially similar output signal readings 
if the sensors are properly attached. 
[0037] At block 140, the algorithm 124 compares the 
left and right noise counter values to determine whether 
one of the noise counters has been incremented a sig- 
nificant number of times more than the other. Before the 
actual comparison is made, and to improve reliability, 
the algorithm 124 first determines whether either of the 
noise counter values has reached a certain predeter- 
mined value, the noise counter threshold described 
above. By using the noise counter threshold, the algo- 
rithm 124 is making sure that the recorded sensor sig- 
nals have exceeded their respective predetermined sig- 
nal thresholds a significant number of times, i.e., the 
system has collected a sufficient amount of data. 
[0038] If, at block 1 40, neither of the left or right noise 
counters have exceeded their respective noise counter 
thresholds, no comparison of the left and right counters 
is made. Rather, the algorithm 1 24 returns to blocks 1 28 
and 1 52 (see blocks 144 and 1 64, respectively) to gath- 
er more data. If, on the other hand, one or both of the 
noise counters exceed their respective noise counter 
thresholds, the algorithm 1 24 continues on at block 1 40 
to determine whether the left noise counter value is 
greater than the right noise counter value, and vice ver- 
sa. In the illustrated embodiment, this comparison in- 
cludes the use of an adjustable factor or multiplier that 
can be set as desired to ensure that the noise counter 
values are in fact different by a significant amount. 
[0039] If, at block 1 40, either (1 ) the left noise counter 
is greater than the noise counter threshold and the left 
noise counter is greater than the right noise counter mul- 
tiplied by the adjustable factor, or (2) the right noise 
counter is greater than the noise counter threshold and 
the right noise counter is greater than the left noise 
counter multiplied by the adjustable factor (a YES an- 
swer at block 140), a sensor is determined to be loose 



and a warning is issued in the passenger compartment 
16 at block 148. As described above, the warning can 
be a light indicator, an audio alarm, or any other suitable 
warning device. 

[0040] To further improve reliability and to further re- 
duce the chance of false detection of a loose sensor, 
another comparison level can also be employed before 
issuing a warning. For example, if the noise counters of 
the two corresponding sensors differ by a certain adjust- 
able factor, thereby indicating a disparity, the algorithm 
1 24 can proceed to a second level of comparison using 
a second level or event counter for each of the left and 
right side sensors. The respective event counters are 
incremented each time the comparison of noise 
counters indicates the likelihood of a loose sensor. The 
noise counters of both sensors are then reset to zero 
and the noise measurements start from the beginning. 
When an event counter reaches a certain adjustable 
event counter threshold value, the corresponding sen- 
sor is determined to be loose and a warning is issued. 
[0041 ] Fig. 4 illustrates such a system embodied in an 
algorithm 224. Up to a point, the algorithm 224 is sub- 
stantially similar to the algorithm 124 of Fig. 3, and like 
blocks have been given like reference numerals of the 
two hundred series. 

[0042] At blocks 240L and 240R, the algorithm 224 
compares the left and right noise counter values to de- 
termine whether one of the noise counters has been in- 
cremented a significant number of times more than the 
other (similar to block 140 described above in Fig. 3). 
Again, by using the noise counter threshold, the algo- 
rithm 224 is making sure that the system has collected 
a sufficient amount of data to insure an accurate read- 
ing. 

[0043] If, at blocks 240L and 240R, the left or right 
noise counters have not exceeded their respective 
noise counter thresholds, no comparison of the left and 
right counters is made (a NO answer at blocks 240L and 
240R). Rather, the algorithm 224 returns to blocks 228 
and 252 (see blocks 244 and 264, respectively) to gath- 
er more data. If, on the other hand, one or both of the 
noise counters exceed their respective noise counter 
thresholds, the algorithm 224 continues on at blocks 
240L and 240R to determine whether the left noise 
counter value is greater than the right noise counter val- 
ue, and vice versa. 

[0044] In the embodiment illustrated in Fig. 4, an ad- 
ditional step is added to further increase the reliability 
of the system. If, at block 240L, the left noise counter is 
greater than the noise counter threshold and the left 
noise counter is greater than the right noise counter mul- 
tiplied by an adjustable factor (a YES answer at block 
240L) , the algorithm 224 increments a left event counter 
for the system at block 268 to indicate the occurrence 
of a disparity that may have been caused by a loose 
sensor. 

[0045] It is again understood that any single instance 
where the noise counter exceeds the noise counter 
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threshold can indicate a loose sensor. However, to re- 
duce the chance of false detection of a loose sensor, a 
second counter, known as the event counter, can be 
used so that no warnings will be issued before the event 
counter has been incremented a predetermined number 
of times. This predetermined number of event counter 
incrementations is known as the event counter thresh- 
old and can be varied as desired. The event counter 
threshold will be described in detail below. By employing 
the event counter, the system is essentially performing 
another check to further insure that false warnings are 
reduced or eliminated. 

[0046] The algorithm 224 also monitors the right side 
in the same fashion. If, at block 240R, the right noise 
counter is greater than the noise counter threshold and 
the right noise counter is greater than the left noise 
counter multiplied by an adjustable factor (a YES an- 
swer at block 240R), the algorithm 224 increments a 
right event counter for the system at block 280 to indi- 
cate the occurrence of a disparity that may have been 
caused by a loose sensor. 

[0047] It is to be understood that the system could use 
the independent left and right processes described thus 
far to determine whether the left side crash sensor or 
the right side crash sensor is loose. However, system 
reliability for the algorithm 224 is further improved by 
comparing the left event counter to the right event coun- 
ter for sensors mounted at corresponding locations on 
opposing sides of the longitudinal axis 14. 
[0048] At block 272, the algorithm 224 compares the 
left and right event counter values to determine whether 
one of the event counters has been incremented a sig- 
nificant number of times more than the other. Before the 
actual comparison is made, the algorithm 224 first de- 
termines whether either of the event counter values has 
reached a certain predetermined value, the event coun- 
ter threshold described above. By using the event coun- 
ter threshold, the algorithm 224 is making sure that the 
system has collected a sufficient amount of data to in- 
sure an accurate reading of the sensors. 
[0049] If, at block 272, the left or right event counters 
have not exceeded their respective event counter 
thresholds, no comparison of the left and right event 
counters is made. Rather, the algorithm 224 returns to 
blocks 228 and 252 (see blocks 276 and 284, respec- 
tively) to gather more data. If, on the other hand, one or 
both of the event counters have exceeded their respec- 
tive event counter thresholds, the algorithm 224 contin- 
ues on at block 272 to determine whether the left event 
counter value is greater than the right event counter val- 
ue, and vice versa. In the illustrated embodiment, this 
comparison includes the use of an adjustable event fac- 
tor or multiplier that can be set as desired to ensure that 
the event counter values are in fact different by a signif- 
icant amount. 

[0050] If, at block 272, either (1 ) the left event counter 
is greater than the event counter threshold and the left 
event counter is greater than the right event counter 



multiplied by the adjustable event factor, or (2) the right 
event counter is greater than the event counter thresh- 
old and the right event counter is greater than the left 
event counter multiplied by the adjustable event factor 

5 (a YES answer at block 272), a sensor is determined to 
be loose and a warning is issued in the passenger com- 
partment 1 6 at block 248. As described above, the warn- 
ing can be a light indicator, an audio alarm, or any other 
suitable warning device. 

w [0051] Those skilled in the art would understand that 
modifications to the algorithms 124 and 224 could be 
made without deviating from the invention. For example, 
while the algorithms 124 and 224 both incorporate the 
use of adjustable multipliers (see blocks 140, 240L, 

is 240R, and 272) to insure that the two counters being 
compared differ significantly, these adjustable multipli- 
ers could be eliminated. 

[0052] Reliability could also be increased by adding 
one or more filtering steps between blocks 128 and 132 

20 for the left side readings and between blocks 152 and 
156 for the right side readings in Fig. 3. Likewise, the 
filtering step could be added between blocks 228 and 
232, as well as 252 and 256, in Fig. 4. In one embodi- 
ment, the filtered signals can be integrated and the al- 

25 gorithm 1 24 (or 224) could proceed using the integrated 
signals. 

[0053] In one embodiment, the noise level of each 
sensor is measured by filtering the acceleration signal 
of each sensor with a band-pass filter of appropriate up- 

30 per and lower cutoff frequencies. Typically, the lower 
cutoff frequency is in the range of 100Hz to 300Hz and 
the upper cutoff frequency is in the range of 500Hz to 
1 000Hz. Preferably, the lower cutoff frequency is set at 
approximately 200Hz and the upper cutoff frequency is 

35 set at approximately 600Hz, however, the filter frequen- 
cies are adjustable based on the specific vehicle. 
[0054] The filtered output signals are then integrated 
and the integrated signals from corresponding sensors 
are compared using the algorithms 124 and 224. If the 

40 "noise integral" of a sensor has exceeded a predeter- 
mined threshold, that noise integral is compared with the 
noise integral of the opposing sensor on the correspond- 
ing location. If the noise integrals differ by an adjustable 
factor, an event counter for that sensor is incremented 

45 and the noise integrators are set to zero, starting the 
process over again. If the event counter reaches a cer- 
tain event counter threshold value, the corresponding 
sensor is determined to be loose and a warning is is- 
sued. 

50 [0055] In another embodiment, the signals can be fil- 
tered using an adjustable high-pass filter with the cutoff 
frequency adjusted to the specific vehicle. The typical 
cutoff frequency is in the range of 1 00Hz to 300Hz, with 
the preferred setting being approximately 200Hz. The 

55 operation would proceed substantially as described 
above with respect to the band pass filter embodiment. 
[0056] All of the above-described methods for meas- 
uring and monitoring the noise generated by an improp- 



6 



11 



EP 1 277 623 A2 



12 



erty mounted sensor compare corresponding sensors 
that are positioned in substantially mirrored relation to 
each other with respect to the longitudinal axis 1 4 of the 
vehicle 10. However, the method of the present inven- 
tion can also be used to detect loose sensors by com- 
paring the noise levels of two sensors that are not posi- 
tioned in substantially mirrored relation with respect to 
the longitudinal axis 14. 

[0057] For example, the noise levels of the crash sen- 
sor 50 on the right C-pillar 58 can be compared with the 
noise levels of the right front crash sensor 22 to deter- 
mine whether the sensor 50 on the right C-pillar 58 is 
properly mounted. To accomplish this, the measured 
noise levels of the sensors 22 and 50 are equalized us- 
ing a correction factor, prior to comparing the noise lev- 
els. The correction factor is calibrated such that under 
ordinary driving conditions, the noise level of all the sen- 
sors at different locations are substantially equalized. 
Any of the above-described methods may then be used 
to determine whether a sensor is loose. If one of the sen- 
sors becomes loose, the increased corrected noise level 
of that sensor will be identified by one of the above-de- 
scribed methods, and a warning will be issued. 
[0058] Finally, it should be noted that central control 
module 18 preferably includes storage capacity to tem- 
porarily store all the current counter values when power 
to the central control module is switched off. When the 
power is restored, the monitoring process resumes us- 
ing the stored counter values. 

[0059] Various features of the invention are set forth 
in the following claims. 

[0060] The reader's attention is directed to all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 
[0061] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings) , and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0062] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0063] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extends to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 



Claims 

1 . A method of detecting improper mounting of a sen- 
sor on a motor vehicle, the sensor emitting output 

5 signals, the method comprising: 

monitoring the output signals of the sensor; 
determining noise levels in the output signals; 
and 

10 comparing the noise levels from the output sig- 

nals of the sensor to a threshold noise value to 
determine if the sensor is properly mounted. 

2. The method of claim 1 , wherein the threshold noise 
is value is predetermined based on vehicle character- 
istics. 

3. The method of claim 1 , wherein the threshold noise 
value is determined from another sensor mounted 

20 on the vehicle. 

4. The method of claim 1 , further comprising: 

issuing a warning when the noise levels exceed 
25 the threshold noise value. 

5. The method of claim 4, wherein the warning is an 
activation of a light in a passenger compartment of 
the vehicle. 

30 

6. The method of claim 1 , further comprising: 

incrementing a counter each time the threshold 
value is exceeded; and; 
35 issuing a warning when the counter is incre- 

mented a predetermined number of times. 



7. The method of claim 1 , wherein the sensor is an 
acceleration sensor that emits acceleration signals. 

40 

8. A method of detecting improper mounting of a sen- 
sor on a motor vehicle, the motor vehicle having a 
first sensor and a second sensor that each emit out- 
put signals, the method comprising: 

45 

monitoring the output signals of the sensors; 
determining the noise levels in the output sig- 
nals being emitted by each of the sensors; and 
comparing the noise levels of the first sensor to 
50 the noise levels of the second sensor to deter- 

mine if the sensors are properly mounted. 

9. The method of claim 8, wherein the vehicle has a 
longitudinal axis and wherein comparing the noise 

55 levels of the sensors includes comparing the noise 
levels of two sensors that are positioned in substan- 
tially mirrored relation with respect to the longitudi- 
nal axis. 
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10. The method of claim 8, further comprising: 

issuing a warning when a sensor is determined 
to be improperly mounted. 

11. The method of claim 10, wherein the warning is an 
activation of a light in a passenger compartment of 
the vehicle. 

12. The method of claim 8, wherein comparing the 
noise levels includes: 

comparing the noise levels of the first sensor to 
a predetermined threshold value and incre- 
menting a first counter when the threshold val- 
ue is exceeded; 

comparing the noise levels of the second sen- 
sor to a predetermined threshold value and in- 
crementing a second counter when the thresh- 
old value is exceeded; and 
comparing the first and second counters to de- 
termine whether one of the sensors may be im- 
properly mounted. 

1 3. The method of claim 1 2, wherein the predetermined 
threshold value is adjustable based on vehicle char- 
acteristics. 

14. The method of claim 8, wherein determining the 
noise levels in the output signals of the sensors in- 
cludes filtering the signals. 

1 5. The method of claim 1 4, wherein the signals are fil- 
tered using a band-pass filter. 

16. The method of claim 14, wherein the signals are fil- 
tered using a high-pass filter. 



20. A method of detecting improper mounting of an ac- 
celeration sensor on a motor vehicle, the motor ve- 
hicle having a first acceleration sensor and a sec- 
ond acceleration sensor that each emit acceleration 

5 signals, the method comprising: 

monitoring the acceleration signals of the sen- 
sors; 

determining the noise levels in the acceleration 
10 signals being emitted by each sensor; 

comparing the noise levels of the first sensor to 
the noise levels of the second sensor to deter- 
mine if the sensors are properly mounted, com- 
paring the noise levels including: 

15 

comparing the noise levels of the first sen- 
sor to a predetermined threshold value and 
incrementing a first counter when the 
threshold value is exceeded; 
20 comparing the noise levels of the second 

sensor to a predetermined threshold value 
and incrementing a second counter when 
the threshold value is exceeded; and 
comparing the first and second counters to 
25 determine whether one of the sensors may 

be improperly mounted; and 

issuing a warning when a sensor is determined 
to be improperly mounted. 

30 

21. The method of claim 20, wherein determining the 
noise levels in the acceleration signals of the sen- 
sors includes filtering the signals. 

35 22. The method of claim 20, wherein the predetermined 
threshold is adjustable based on vehicle character- 
istics. 
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17. The method of claim 14, wherein determining the 
noise levels in the output signals further includes *o 
integrating the filtered output signals. 

18. The method of claim 8, wherein the vehicle has a 
longitudinal axis and wherein comparing the noise 
levels of the sensors includes comparing the noise *5 
levels of two sensors that are not positioned in sub- 
stantially mirrored relation with respect to the longi- 
tudinal axis, the method further comprising: 



prior to comparing the noise levels, substantial- 50 
ly equalizing the noise levels of the two sensors 
using correction factors, the correction factors 
being determined such that under normal driv- 
ing conditions, the noise levels of the two sen- 
sors will be substantially equal. 55 

1 9. The method of claim 8, wherein the sensors are ac- 
celeration sensors that emit acceleration signals. 
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FIG. 3 
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